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Abstract 

We investigate the properties of the AdS Dl-branes which are the bound states of a curved 
Dl-brane with n fundamental strings (Fl) in the ^4^5*3 spacetime, and the AdS D2-branes 
which are the axially symmetric bound states of a curved D2-brane with m DO-branes and 
n fundamental strings in the AdSs x S 3 spacetime. We see that, while the AdS Dl-branes 
asymptotically approach to the event horizon of the AdS$ spacetime the AdS D2-branes will 
end on it. As the near horizon geometry of the F1/NS5 becomes the spacetime of AdS% x 
S 3 x T 4 with NS-NS three form turned on, we furthermore investigate the corresponding 
AdS D-branes in the NS5-branes and macroscopic F-strings backgrounds, as an attempt to 
understand the origin of the AdS D-branes. From the found DBI solutions we see that in the 
F-strings background, both of the AdS Dl-branes and AdS D2-branes will asymptotically 
approach to the position with a finite distance away from the F-strings. However, the 
AdS D2-branes therein could also end on the F-strings once it carries sufficient DO-branes 
charges. We also see that there does not exist any stable AdS D-branes in the NS5-branes 
backgrounds. We present physical arguments to explain these results, which could help us 
in understanding the intriguing mechanics of the formation of the AdS D-branes. 
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1 Introduction 



The Anti-de Sitter spacetimes (AdS n ) are known to play important roles in the evolution 
of the string theory. The famous AdS/CFT correspondence relates the quantum gravity in 
the AdS n to a dual conformal field theory living on the boundary [1]. The spacetime of 
AdS 3 x S 3 x T 4 with NS-NS gauge fields turned on arises from the embedding of a stack 
of fundamental strings within a stack of NS-5-branes, as one takes the near-horizon limit. 
The case of AdS$ together with NS-NS three form provides an exact string background, 
which is described in terms of SL(2,R) Wess-Zumino-Witten (WZW) model [2]. It provides 
a unique setting in which to analyze the AdS/CFT correspondence beyond the supergravity 
approximation. The study of D-branes in the AdS backgrounds is also a problem of significant 
interest and have been extensively studied [3-10]. 

The WZW D-branes for compact Lie groups have been by now rather well understood 
both from the conformal field theory (CFT) and from the geometric, target-space view- 
point [3]. For the non-compact group SX(2,R), the analysis by Bachas and Petropoulos 
[4] have found a stable AdS 2 branes which are the curved bound states of a Dl-brane with 
n fundamental strings (Fl). These AdS 2 branes reveal some interesting features, such as 
the quantization conditions, that were not presented in the case of compact groups. The 
problems of constructing the boundary states and supergravity solutions for the D-branes in 
the AdS 3 background had also been studied by several authors [5-10]. 

In this paper we will use the Dirac-Born-Infeld action to find AdS D-branes solutions in 
the AdSs x S 3 and macroscopic fundamental strings backgrounds. The first class is called 
as the AdS Dl-branes (see the figure 1) which are the bound states of a curved Dl-brane 
with n fundamental strings. (It is called as AdS 2 brane in the convention [4-10].) We will 
see that there are two types of AdS Dl-branes. The first will asymptotically approach to the 
position with a finite distance away from the event horizon (i.e. the value of "d" in figure 1 
is not zero) while the second will approach to the event horizon asymptotically. 
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Figure 1. The profile of the AdS Dl-branes which are the bound states of a Dl-brane with n 
fundamental strings in macroscopic string background. 

The second class is called as the AdS D2-branes which are the axially symmetric bound 
states of a curved D2-brane with m DO-branes and n fundamental strings. We will see that 
there are three types of AdS D2-branes. The first will asymptotically approach to a position 
with a finite distance away from the event horizon while the second will approach to the 
event horizon asymptotically (see the figure 2 plotted in section 2-2). The third type of AdS 
D2-branes will end on the event horizon (see the figure 3 plotted in section 2-2). 

Our motivations are to understand the original mechanics of forming these AdS D-branes. 
For example, how the curvature of spacetime will render a straight Dl-brane to a curved AdS 
Dl-brane as that shown in the figure 1? What effect could make a AdS D2-brane to posses 
the curved geometry likes that shown in figure 2 instead of a tubular configuration [11-12]? 
To arrive our goal it is worth to notice that the anti-de Sitter spacetime arises naturally 
in some limits of the stringy spacetimes. For example, the near-horizon geometry of the 
F1/NS5 system becomes the spacetime of AdS 3 x S 3 x T 4 with NS-NS three form. Therefore 
the investigations of the corresponding AdS D-branes in the NS5-branes and macroscopic 
fundamental strings backgrounds could help us in finding the physical reasons of forming 
these AdS D-branes. 

In section 2, after reviewing the AdS Dl-branes found in [4] we begin to analyze AdS 
D2-branes in the Ad S3 x S 3 spacetime. We see that, while the AdS Dl-branes asymptotically 
approach to the event horizon of AdS 3 the AdS D2-branes will end on it. In section 3, we 
show that there does not exist any corresponding stable AdS D-branes in the NS5-branes 
background. In section 4 we analyze the AdS Dl-branes and AdS D2-branes in the F-strings 
background. We see that, both of the AdS Dl-branes and AdS D2-branes will keep a finite 
distance away from the F-strings. However, the AdS D2-branes could end on the F-strings 
once it carries sufficient large DO-brane charges. We present physical arguments in each 
section to explain these results, which could help us to understand the intriguing mechanics 
of the formation of the AdS D-branes. We make a conclusion in the last section. 

Note that in recent many authors have investigated the dynamics of D-branes in the non- 
trivial background, including the NS5-branes [13,14], BPS Dp-branes [15] and macroscopic 
fundamental strings [16] backgrounds. However, their results are used to show that the radial 
mode of the BPS D-brane in these backgrounds resembles the tachyon rolling dynamics of 
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unstable D-brane [17], and have not discussed the AdS D-branes therein. Note also that the 
possible tubular solution in these background had been discussed by us in [12] . The present 
works are the complements of [12-16] and could further our understanding of the D-branes 
in the curved stringy backgrounds. 



2 AdS D-branes in AdSs x S 3 Background 

2.1 AdS Dl-branes in AdS% Background 

The background metric and NS-NS potential in the AdS 3 background is 

ds 2 = -r 2 dt 2 + r 2 dz 2 + r~ 2 dr 2 , (2.1a) 

B NS = r 2 dt A dz, (2.1b) 

which are described in the Poincare coordinates [4]. The Dirac-Born-Infeld action for a 
D-string in the AdS 3 background is 

S = - J dtdz^J- det(g + F + B NS ) , F = Edt Adz, (2.2) 

where g is the induced worldvolume 2-metric, F is the DBI 2-form field strength which 
has only a nonzero component F 0z [4]. Substituting the metric of the background and the 
relevant fields into (2.2) we can find the Lagrangian of a static D-string 



R 4 + R' 2 - (R 2 + E) 2 , (2.3) 

in which "i?" describing the position of the D-string and is a function of z. To proceed, we 
first define the momentum conjugate to the DBI electric field E [4] 

n s 8C = £+£ 



which implies that 

E= - 11 -VR 4 + R' 2 - R 2 . (2.5) 
The corresponding energy density of the AdS Dl-brane is thus 

n = UE-c = Vi + n 2 \J r a + R' 2 — n r 2 . (2.6) 

To solve the associated u R(z)" equation Bachas and Petropoulos [4] have used the continuity 
equation of the energy-momentum tensor. Because the Lagrangian (2.3) does not explicitly 
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depend on the variable z there is two-dimensional Poincare invariance, thus the corresponding 
tensor is conserved. The energy-momentum tensors are defined by 

ef, > = m B > R+ -5k F »- F > c - (2 ' 7) 

where the Greek indices run over (t, z). So that in our system, by the continuity equation, 
Q z z is a world-sheet constant. A straightforward calculation gives: 



B z z = V r —^ =-UR 2 . (2.8) 



Vi + n 2 r 4 

^R 4 + R' 2 

Suppose that z-momentum does not flow out of the string at infinity - this amounts to 
free boundary conditions in the direction of the event horizon, we must then demand that 
Q z z = 0, which is possible only for II > 0, and it has the general solutions 

R(z) = J5L. (2.9) 

Z — Z 

This is the AdS2 branes found in [4]. We will called it as AdS Dl-brane as it is the bound 
state of (l,II)-string in AdS spacetime. Some comments about the properties of AdS Dl- 
brane are as follows [4] : 

• The constant II which determines the radius of AdS 2 , is proportional to the number of 
fundamental strings on the AdS D-brane. The radius of AdS 2 is thus quantized in units of 
the string coupling constant. 

• Substituting the solution (2.9) into (2.5) we see that E — 0, which tell us that the 
gauge-invariant meaning can, however, only be attached to T tz = B NS + F. 

• The fact that II shall be positive to have a AdS Dl-brane implies a definite orientation 
for the fundamental strings on it. 

• The corresponding energy density of the AdS Dl-brane is 

7~LAdSDl-brane = ~ 7T ■ (2-10) 

Therefore the total energy diverges near the boundary of AdS3, but it is on the other hand 
convergent near the event horizon. 

We make furthermore some comments which are of interesting. 

1. The energy density in (2.9) is the energy per unit length z. We can also calculate that 
of per unit length (£) of the AdS Dl-brane. The result is 

H '=wh- (2 - u) 
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Therefore, we see that the energy per unit length of the AdS Dl-brane approaches zero near 
the event horizon and approaches to the constant 1 near the boundary of AdS 3 . 

2. Note that, the strings bounded on D-brane are usually interpreted as turning on the 
electric field on D-brane, as the strings are fusing inside the D-brane worldsheet by converting 
itself into homogenous electric flux. Thus the strings living on the D-brane is characterized 
by the non-vanishing DBI electric field. Using this property, one attempts to conclude that 
the vanishing DBI electric field will imply no F-string. This is, however, not the case in here 
as there is a NS-NS B NS field. In fact, from (2.4) we can easily see that only if E = —R 2 
could the value II = and there is no string on the Dl-brane. This tells us that the DBI 
electric field of D-brane in the macroscopic strings background is not zero even if there is no 
string on it . 

3. From (2.8) we can be seen that the term — HR 2 is coming from the B NS field in the 
AdS 3 spacetime. Without the B NS field the Q z z is definitely positive and there will not be 
able to exist the AdS Dl-branes. The investigation of this paper have shown that the B NS 
field plays a crucial role in the existence of the AdS D-brane in the curved spacetimes. 

4. If we consider the case of straight Dl-brane, then equation (2.6) tells us that the energy 
density becomes Tt = (Vl + n 2 — II ) R 2 . Thus, the straight Dl-brane will be contracted 
to the event horizon R = in which its energy is vanishing. This configuration has a lower 
energy then that of the AdS Dl-brane (see (2.11)). 

2.2 AdS D2-branes in AdS 3 x S 3 Background 

The background metric and NS-NS potential in the AdS 3 x S 3 background is 

ds 2 = -r 2 dt 2 + r 2 dz 2 + r~ 2 dr 2 + d6 2 + sin 2 6(d(j) 2 + sin 2 <P d?) , (2.12a) 

B NS = r 2 dt A dz. (2.126) 

We will consider the axially symmetric D2-branes which are described by the worldvolume 
{t,z,0) The geometry of D2-branes is described by the function R(z) as that shown in figure 2. 
The D2-branes we considered will carry a time-independent electric field E and a magnetic 
field B such that the DBI 2-form field strength is [11] 

F = E dt A dz + B dz A d9. (2.13) 

Through the standard procedure, as those described in section 2-1, the Lagrangian is 

C = -^i? 4 + R' 2 - {R? + E) 2 + B 2 R 2 , (2.14) 
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and the associated energy density H and the stress tension Q z z are 

^R 4 + B 2 R 2 + R' 2 

n = Vi + n 2 \]r a + b 2 r 2 + r i2 - n r 2 , 

in which II is proportional to the number of string and B to the number of 
living on the D2-brane. Using above results we can find following solutions. 

2.2.1 AdS D2-branes Without B field 

From (2.14) we see that if B = then the Lagrangian of D2 becomes that of Dl in (2.3). 
In this case, the geometry of the AdS D2-branes is described by a series of AdS Dl-branes 
which are carrying a fixed value of II and array around the z shown in figure 2. 

Z 



(2.15) 

(2.16) 
DO, which are 



Figure 2. The profile of the AdS D2-branes which are the axially symmetric bound states of 
a D2-brane with n fundamental strings. 



2.2.2 AdS D2-branes With B field 



For the general case with finite DBI B field we can follow the arguments in section 2-1 and 
let Q z z = 0, which then implies 

R'(z) 2 + V(R) = 0, (2.17) 

with 



V(R) = -± (R 2 + B 2 ) [r 2 + (i + n 2 ) B' 



f2.18) 
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Before numerically solving (2.17) we first make following useful analyses in the two limits. 



dR vi + n 2 b 2 „. , vi + n 2 b\ , , n , n . 

R^O: ~r~- (z - z ), (2.19a) 

11 11 

in which and 5o are integration constants. Equation (2.19a) tells us that the AdS D2- 
branes will end on the event horizon at z = Zq and (2.19b) tells us that the AdS D2-branes 
will extend to infinite (i.e. R — > oo) at z — z , as shown in the figure 3 which is plotted with 
a help of numerical calculation. 

Z 



Figure 3. The profile of the AdS D2-branes which are ending on the event horizon. 



We make the following comments about the solution: 

1. The pin-like geometry of the AdS D2-branes which end on the event horizon seems, 
more or less, uncomfortable as the geometry of D2-branes on the event horizon is singular. 
This property can be easily seen from (2.19a) which shows that the slope R'(0) is finite. How- 
ever, as the coordinate system used to perform the analysis are not the global coordinates, 
and one cannot not infer from the analysis that the solution is singular. 

2. Comparing to the fact that the AdS D2-branes which are not carrying the DBI B field 
(i.e. DO branes) will not end on the event horizon (as shown in section 2-2-1) we may now 
say that the gravitational fields of the curved spacetime will attract the DO branes (which 
are living on the ADS D-branes) and thus the AdS D2-branes to end on the event horizon. 
This property could also be found in the other curved spacetime, as shown in the section 4. 

3. In contrast to the AdS Dl-branes (comment 1 in section 2-1), the energy density of 
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the AdS D2-branes on the event horizon is nonvanishing, as can be seen by substituting the 
solution (2.19) into (2.16). 

4. From (2.16) we see that if B! = then H is an increasing function of R. Thus, there 
does not exist any stable tubular solution with finite radius in the AdS 3 x S 3 background. 
The configuration will collapse to the even horizon and has a vanishing energy. The result is 
contrast to our previous investigations that the stable tubular bound states of (nFl, mDO, 
D2) could be formed in the NS5-brane and in the macroscopic strings background. Note that 
the interesting problem that the entire AdS 3 x S 3 geometry could be viewed as a supertube 
was investigated in [18]. 

5. The energy density of the solution of the AdS D2-brane configuration is 

n ~ R4 + B*E? + R*' [ ] 

which is definitely positive if R! ^ 0. Thus, comparing to those collapsing to the event 
horizon the AdS D2-branes have higher energy. 



3 AdS D-branes in NS5-branes Background 

The background fields around N iVS'S-branes are given by the CHS solution [19]. The metric, 
dilaton and NS-NS B NS field are 

ds 2 = dx^dx" + h NS {x n )dx m dx m , 
e 2(*-*o) = ^ s(/ ) > 

Here h^s{x n ) is the harmonic function describing iV fivebranes, and H mnp is the field strength 
of the NS-NS B NS field. For the case of coincident fivebranes one has 

N 

h NS (r) = l + -, (3.2) 

where r = \x\ is the radial coordinate away from the fivebranes in the transverse space 
labeled by (z 6 , • • • , x 9 ). 

Using the above metric and fields we find that the Lagrangian and corresponding energy- 
momentum tensor of the static AdS Dl-brane are 

L(R) = -yjhrf s + R*-hJ s E*, (3.3) 
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(3.4) 



respectively, in which h NS is defined by (3.2) with r — > R(z). It can be seen that Q z z 
is definitely positive and we does not have any stable AdS Dl-brane in the NS5-branes 
background. 

In a same similar way, the Lagrangian and corresponding energy-momentum tensor the 
static AdS D2-brane are 

L{R) = -^R 2 + K£ s B 2 + h NS R? R' 2 — E 2 R 2 , (3.5) 

(R 2 + h~ N l s B 2 ) vn 2 +R 2 

<3> z z = ~ ; ' > 0, (3.6) 

R^R 2 + h N 1 s B 2 + h NS 

respectively. It can be seen that Z 2 is definitely positive and we still does not have any 
stable AdS D2-brane in the NS5-branes background. 

Note that there are classical tubular D2-D0-F1 bound states in the NS5 background as 
found in our previous paper [12]. 



4 AdS D-branes in Macroscopic Strings Background 

4.1 AdS Dl-branes in Macroscopic Strings Background 

The metric, the dilaton (0) and the NS-NS B NS field for a system of iV coincident macro- 
scopic fundamental strings are given by 

ds 2 = -^(-dt 2 + dz 2 ) +dx m dx m , Bg s = hfir)- 1 - 1, e 2 * = h f (r)~\ (4.1) 

where r denotes spatial coordinates transverse to the macroscopic string, r = J2x m x m , and 
the harmonic function hf(r) solving the transverse Laplace equation is [20] 

MO = (! + £)■ (4-2) 

Using the above metric and fields we find that the Lagrangian and corresponding energy- 
momentum tensor of the static AdS Dl-branes are 



hj 1 + R' 2 - h f (E + hj 1 - l) , (4.3) 
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J TV +h f , 1 N 

e z z = v , - n (hj 1 - 1) , (4.4) 

h f Jl + h f R* V/ J 
Ti=±- - n (/ij 1 - l) . (4.5) 

ft 

To find the function R(z) we can follow the arguments in section 2-1 and let Q z z = 0, which 
then implies that 

R'(z) 2 + V(R) = , with V(R) = - n2 " 2 ( ^ /)2 + hf • (4.6) 

The equation (4.6) may be regarded as a particle with mass 2 moving under the potential 
V(R) while has zero total energy. Therefore the variable R represents the position of the 
particle and z represents the "time" . The potential V(R) has two properties, 

R - : V(R) » ^r, (4.7a) 

R^oo: V(R)k ~]^R 12 , (4-76) 

as plotted in the figure 4. Thus, increasing R from zero the potential will increase from zero 
and then drop to negative infinite, as shown in figure 4. The particle coming from R — > oo 
will therefore hit on a turning point at finite value of Rq at which V(Rq) = 0. 



V 




Figure 4- The behaviors of the function V(R) . There is a turning point at finite value of R. 
Through calculation we find 

ATV6 n l/6 

R = — . (4.8) 

(i + n 2 ) 1/6 v ; 



n 



Then it is useful to see the following analyses in the two limits. 



R — > Rq 



R 



oo 



dR 

dz 

dR 

dz 



6n 5 ^ (R-Rq) 

ati/6 (i + n 2 ) 1/6 



R(z) w Rq + exp 



6n 5 / 3 (z 



^0 



jvV6(i + n 2 ) 



1/6 



ivn 



-5 yj + n 2 
ivn 



(4.9a) 
(4.96) 



in which z an d are the integration constants. Equation (4.9a) tells us that the AdS Dl- 
branes will asymptotically approach to the position (Rq) with a finite distance away from 
the macroscopic strings and (4.9b) tells us that the AdS Dl-branes will extend to infinite 
(i.e. R — > oo) at z = z . The geometry of the AdS Dl-brane is as that plotted in the figure 
1 (in which "d" = R ) with a help of numerical calculation. 

Now, if we consider the case of straight Dl-brane, then the behavior of the energy density 
(4.5) shows that the straight Dl-brane will be contracted to the event horizon R = 0. From 
(4.5) we can see that H(R, R' ^ 0) > H(R, R' = 0) > H{R = R' = 0), thus the state of 
straight Dl-brane collapsing to R = has a lower energy then that of the AdS Dl-brane. 



4.2 AdS D2-branes in Macroscopic Strings Background 

Through the standard procedure the Lagrangian and corresponding energy-momentum ten- 
sor of the static AdS D2-branes in macroscopic strings background are 



e 



L — — y (hj 1 + R' 2 ) R 2 + B 2 - h f R 2 (e + hj 1 - l) . 
^n 2 +R 2 h f (r 2 hf + B 2 ) 



Ry/ R 2 + h f R 2 R' 2 + h f B 2 



-U(hf-1 



(4.10) 
(4.11) 



The energy density is 

H{R) = V^ 8 + (R 2 R' 2 + B 2 )(R* + NB 2 ))(R* + U 2 R± + N) + J^L. (4.12) 

To find the function R(z) we can as before let <d z z = 0, which then implies that R'(z) 2 + 
V(R) = 0, in which 



V(R) = 



(R 8 + B 2 R 6 + NB 2 
R 2 (R 6 + N) 



(R s + B 2 R b + N B 2 ) (R b + n 2 i? 4 + N) 



n 2 n 2 



(4.13) 



The potential V(R) has the following limits. 
R 



0: V(R)n^ 



B 2 

''TP 



or V(R) if B = 0, (4.14) 



12 



R^oo: V(R)*- f ^. (4.15) 
Then, depending on the values of B and II, the AdS d2-branes have two types. 

4.2.1 AdS D2-branes with |II| > \B\ 

When B = the potential V(R) will increase from zero and then drop to the negative 
infinity as shown in the dot line of figure 5 (or the figure 4). When |I1| > \B\ > the 
potential V(R) will decrease from the positive infinity to the negative infinity as shown 
in the dash line of figure 5. In these two cases, there is a turning point at a finite value 
of R . Thus the axially symmetric bounded states have the geometry as those described in 
figure 2 while approach to a position with a finite distance away from the macroscopic strings. 



V 




R 



Figure 5. The behaviors of the function V(R). The dot line describes the potential in the 
case of B = 0. The dash line describes the potential in the case of |I1| > \B\ > 0. The solid 
line describes the potential in the case of \B\ > |I1|. 



4.2.2 AdS D2-branes with \B\ > \U\ 

On the other hand, when \B\ > |I1| then from (4.13) we can see that the potential V(R) 
is definitely negative. Thus, during increasing R from zero the corresponding potential 
will increase from the negative infinity to a maximum value which is still a negative value. 
The potential will finally drop to the negative infinite, as could be seen from (4.15). The 
corresponding V(R) is plotted in the solid line of figure 5. 
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From (4.14) and (4.15) we have the relations 



dR B B 2 



B 



2 \ V2 



dR r7 , ( -^n \ 1/6 

R^oo: — ^ =>• R(z)tt\— , (4.17) 

dz NU v ; \6(z-z )J K ' 

in which z and z are the integration constants. Equation (4.16) tells us that the AdS 

D2-branes will end on the macroscopic strings at z = z and (4.17) tells us that the AdS D2- 

branes will extend to infinite (i.e. R — > oo) at z — z . The geometry of the AdS D2-branes 

is therefore like that plotted in figure 3. 

Comparing to the fact that the AdS D2-branes which are not carrying (or carrying a 

small) DBI B field (i.e. DO branes) will not end on the macroscopic strings, as that shown 

in section 4-2-1, we may say that the gravitational fields of the curved spacetime will attract 

the DO branes (which are living on the ADS D-branes) and thus the AdS D2-branes to end 

on the event horizon. This property has been found in the other curved spacetime, as shown 

in the section 2-2-2. 

Finally, it is worth to mention that, if we consider the case of cylindrically symmetric 
state then the corresponding energy density is 

n tu UR) = x^n^ r8 + B2R6 + NB2 )( R6 + n2jR4 + N ) + wTn' (418) 

Using the relation H'(R C ) = we have the following nontrivial stable tube solutions with 
radius and energy density 



^ = ^15111, H(Rc) = \B\ + |n|, (4.19) 

respectively, which was found by us in [12]. Now, comparing the (4.18) with (4.12) we see 
that 

H(R) > H tube ( R ) > H tube ( R c)- (4.20) 

Thus the AdS D-2 branes found in this section have higher energy then the tubular config- 
urations. 



5 Conclusion 

In this paper we use the Dirac-Born-Infeld action to find two classes AdS D-branes solutions 
in the AdS 3 x S 3 and macroscopic strings backgrounds. The first is the AdS Dl-branes which 
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are the bound states of a curved Dl-brane with n fundamental strings and the second is the 
axially symmetric bound states of a curved D2-brane with m DO-branes and n fundamental 
strings 

Through the detailed analyses, we have seen that, in the AdS 3 x S 3 background, the 
AdS Dl-branes will asymptotically approach to the event horizon and the AdS D2-branes 
will end on the event horizon. We have also show that there does not exist any stable AdS 
D-branes in the NS5-branes background. For the case in the macroscopic fundamental string 
background, we see that, both of the AdS Dl-branes and AdS D2-branes will keep a finite 
distance away from the macroscopic fundamental strings. However, the AdS D2-branes could 
end on the macroscopic strings once it carries sufficient large DO-brane charges. 

We have seen that the B NS field plays a crucial role in the existence of the AdS D-brane 
in the curved spacetimes, as the NS-NS field could produce an exclusive force to bend the 
straight strings, which are living on the Dl or D2 branes brane, to produce the corresponding 
AdS D-branes. It is also seen that the gravitational field in the curved spacetime has an 
effect to attract the DO branes (which are living on the ADS D-branes) and thus the AdS 
D2-branes to end on the event horizon (or macroscopic fundamental strings), once it carries 
sufficient DO-branes charges. 

We have also seen that AdS Dl-branes and AdS D2-branes have higher energy then the 
configuration of the straight Dl-brane and tube solution, respectively. Finally, the problems 
of finding the supergravity solution and boundary states of the AdS D-branes in the NS5- 
branes and macroscopic F-strings backgrounds are of interesting and remain to be studied 
in the future. 
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